Erupções formadoras de produtos piroclásticos de fluxo nas Ilhas Faial e Terceira, Açores by Pimentel, Adriano Henrique Gonçalves
$'5,$12+(15,48(*21d$/9(63,0(17(/











3<52&/$67,&'(16,7<&855(17)250,1*
(5837,21621)$,$/$1'7(5&(,5$,6/$1'6$=25(6


ERUPÇÕES FORMADORAS DE PRODUTOS PIROCLÁSTICOS 
DE FLUXO NAS ILHAS FAIAL E TERCEIRA, AÇORES
















81,9(56,'$'('26$d25(6
'(3$57$0(172'(*(2&,Ç1&,$6

$'5,$12+(15,48(*21d$/9(63,0(17(/






3<52&/$67,&'(16,7<&855(17)250,1*
(5837,21621)$,$/$1'7(5&(,5$,6/$1'6$=25(6


ERUPÇÕES FORMADORAS DE PRODUTOS PIROCLÁSTICOS 
DE FLUXO NAS ILHAS FAIAL E TERCEIRA, AÇORES 






'LVVHUWDWLRQVXEPLWWHGWRWKH8QLYHUVLW\RIWKH$]RUHVIRUDZDUGRI
GHJUHHRI'RFWRURI3KLORVRSK\LQ*HRORJ\VSHFLDOLW\LQ9ROFDQRORJ\
Dissertação apresentada à Universidade dos Açores para a obtenção do 
grau de Doutor no Ramo de Geologia, especialidade de Vulcanologia 


6XSHUYLVRUOrientador'RXWRU-RVp3DFKHFR
&RVXSHUYLVRUCo-orientador3URIHVVRU6WHSKHQ6HOI





81,9(56,'$'('26$d25(6
'(3$57$0(172'(*(2&,Ç1&,$6






7KLVZRUNZDVILQDQFLDOO\VXSSRUWHGE\WKH)XQGR5HJLRQDOSDUDD&LrQFLDH7HFQRORJLD
E\D3K'JUDQW0)RQWKHVFRSHRIWKH3ODQR,QWHJUDGRSDUDD&LrQFLDH
7HFQRORJLD3,&7RIWKH$]RUHV5HJLRQDO*RYHUQPHQW

Este trabalho teve o apoio financeiro do Fundo Regional para a Ciência e Tecnologia 
através de uma bolsa de Doutoramento (M3.1.2/F/022/2007), no âmbito do Plano 
Integrado para a Ciência e Tecnologia (PICT) do Governo Regional dos Açores. 
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$EVWUDFW
7KH$]RUHVDUFKLSHODJRKDVDQH[WHQVLYHVWUDWLJUDSKLF UHFRUGRIS\URFODVWLFGHQVLW\
FXUUHQWIRUPLQJHUXSWLRQV6XFKHUXSWLRQVW\SLFDOO\RFFXURQDFWLYHFHQWUDOYROFDQRHVDQG
DUH DVVRFLDWHG ZLWK SDUR[\VPDO HYHQWV RI FDOGHUD IRUPDWLRQ 7KLV ZRUN IRFXVHV RQ WZR
FRQWUDVWLQJ S\URFODVWLF GHQVLW\ FXUUHQWIRUPLQJ HSLVRGHV RQ WKH LVODQGV RI )DLDO DQG
7HUFHLUD LQ RUGHU WR REWDLQ D FRPSUHKHQVLYH XQGHUVWDQGLQJ RI WKH GLYHUVLW\ RI HUXSWLYH
VW\OHVWKDWFDQSURGXFHLJQLPEULWHV
7KHa\HDUV%3HUXSWLRQRI&DOGHLUD9ROFDQR)DLDO,VODQGZDVWKHODVWPDMRU
S\URFODVWLF GHQVLW\ FXUUHQWIRUPLQJ HUXSWLRQ DVVRFLDWHG ZLWK D FDOGHUD FROODSVH LQ WKH
$]RUHV,WSURGXFHGDFRPSOH[S\URFODVWLFVXFFHVVLRQNQRZQDVWKH&GHSRVLWZKLFKLV
GLYLGHGLQWRWKUHHPHPEHUVZLWKGLVWLQFWOLWKRIDFLHVDORZHUVHTXHQFHRIDVKOD\HUV%UHMR
0HPEHU IRXQG LQ WKH1:VHFWRU RI)DLDO DQ LQWHUPHGLDWH SXPLFH IDOO GHSRVLW ,QYHUQR
0HPEHU UHVWULFWHG WR WKH QRUWK IODQN RI WKH YROFDQR DQG DQ XSSHU LJQLPEULWH DQG
DVVRFLDWHGOLWKLFEUHFFLDV&HGURV0HPEHUH[SRVHGDORQJWKHQRUWKDQGHDVWIODQNV7KHVH
UHFRUGWKUHHSKDVHVRIWKHHUXSWLRQZLWKGLIIHUHQWHUXSWLYHVW\OHV7KHHUXSWLRQVWDUWHGZLWK
D SKUHDWRPDJPDWLF SKDVH WKDW SURGXFHG DVK IDOORXW DQG IXOO\ GLOXWH GHQVLW\ FXUUHQWV
IROORZHG E\ D PDJPDWLF IDOOGRPLQDWHG SKDVH ZLWK WKH HVWDEOLVKPHQW RI D VXE3OLQLDQ
FROXPQ XS WR  NP KLJK DQG FXOPLQDWHG ZLWK D FOLPDWLF FDOGHUDIRUPLQJ SKDVH WKDW
JHQHUDWHGH[WHQVLYHS\URFODVWLFGHQVLW\FXUUHQWVDQGOHG WRFDOGHUDFROODSVH7KLVPDUNHG
WKHILUVWVWDJHRIIRUPDWLRQRIDQLQFUHPHQWDOFDOGHUDDWWKHYROFDQR
2YHUDOODPLQLPXPEXONYROXPHRIDWOHDVWNPZDVHVWLPDWHGIRUWKLVFDOGHUD
IRUPLQJ HUXSWLRQ DOWKRXJK D VLJQLILFDQW SRUWLRQRIPDWHULDOZDVGHSRVLWHGRIIVKRUH7KH
MXYHQLOH SURGXFWV OLJKWFRORXUHG GDUNJUH\ DQG EDQGHG SXPLFHV KDYH D KRPRJHQHRXV
WUDFK\WLF FRPSRVLWLRQ  ZW 6L2 +RZHYHU SHWURJUDSKLF DQG JURXQGPDVV JODVV
DQDO\VHV LQGLFDWH WKDW WKH & PDJPD UHVXOWHG IURP WKH PLQJOLQJPL[LQJ EHWZHHQ WZR
WUDFK\WLF EDWFKHV RI PDJPD ZLWK GLIIHUHQW GHJUHHV RI HYROXWLRQ 7KH HPSODFHPHQW
WHPSHUDWXUHV RI S\URFODVWLF GHQVLW\ FXUUHQWV RQ WKH QRUWK IODQN RI WKH YROFDQR ZHUH
HVWLPDWHGDW!&ZKLOHDORQJ3HGUR0LJXHO*UDEHQZHUHDWORZHUWHPSHUDWXUHVRI
&
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7KH /DMHV$QJUD ,JQLPEULWH )RUPDWLRQ 7HUFHLUD ,VODQG LV RQH RI WKH ODUJHVW DQG
EHVW H[SRVHG LJQLPEULWH IRUPDWLRQV LQ WKH$]RUHV ,W LV FRPSULVHG RI WZRPHPEHUVZLWK
aND WKH/DMHVDQGWKH$QJUDLJQLPEULWHVRI3LFR$OWR9ROFDQR7KH/DMHV,JQLPEULWH
NPEXONYROXPHLVDORZDVSHFWUDWLRLJQLPEULWHZLWKYHUWLFDOOLWKRIDFLHVYDULDWLRQV
PDUNHG E\ DQ XSZDUG FRDUVHQLQJ RI WKH VHTXHQFH ,W KDV D H[WHQVLYH GLVWULEXWLRQ DFURVV
PXFK RI WKH LVODQG VKRZLQJ ODWHUDO WKLFNQHVV DQG OLWKRIDFLHV YDULDWLRQV 7KH $QJUD
,JQLPEULWHNPEXONYROXPH LVD WKLFNPRQRWRQRXV LJQLPEULWHPRVWO\UHVWULFWHG WR
RQHYDOOH\RQWKHVRXWKSDUWRIWKHLVODQG
7KHVH LJQLPEULWHV UHFRUG WZR FORVHO\ VSDFHG LQ WLPH S\URFODVWLF GHQVLW\ FXUUHQW
IRUPLQJHYHQWVRI3LFR$OWR7KH ILUVW FRUUHVSRQGV WR WKH$QJUD ,JQLPEULWHHUXSWLRQDQG
ZDV FKDUDFWHUL]HG E\ D VKRUWOLYHG S\URFODVWLF IRXQWDLQ WKDW JHQHUDWHG D VPDOO YROXPH
VXVWDLQHGS\URFODVWLFGHQVLW\FXUUHQWDOPRVWWRWDOO\FKDQQHOOHGDORQJDYDOOH\7KHVHFRQG
HUXSWLYH HYHQW LV UHFRUGHG E\ WKH /DMHV ,JQLPEULWH DQG ZDV PDUNHG E\ YLJRURXV DQG
SURORQJHGS\URFODVWLFIRXQWDLQLQJWKDWIRUPHGDVXVWDLQHGTXDVLVWHDG\S\URFODVWLFGHQVLW\
FXUUHQW,WVSUHDGUDGLDOO\IURP3LFR$OWRFDOGHUDWRWKHQRUWKDQGVRXWKFRDVWV7KHORZ
DVSHFWUDWLRRIWKLVLJQLPEULWHUHVXOWHGIURPWKHZLGHVSUHDGGHSRVLWLRQRIDUHODWLYHO\ORZ
YHORFLW\S\URFODVWLFGHQVLW\FXUUHQWRYHUWKHVPRRWKSDODHRWRSRJUDSK\RI7HUFHLUD
7KH MXYHQLOH FODVWV RI WKH WZR LJQLPEULWHV LQFOXGHSXPLFHV DQGSRUSK\ULWLF VFRULDH
GHQVHYLWURSK\UHVDUHRQO\IRXQGRQ/DMHV,JQLPEULWHZLWKVLPLODUSHUDONDOLQHFRPHQGLWLF
WUDFK\WH FRPSRVLWLRQ  ZW 6L2 DQG PLQHUDO DVVHPEODJH 'HVSLWH RI UHODWLYHO\
KRPRJHQRXVPDMRU HOHPHQW FRPSRVLWLRQV GLVHTXLOLEULXP WH[WXUHV LQ FU\VWDOV HVSHFLDOO\
DONDOL IHOGVSDUV DQG WUDFH HOHPHQW YDULDELOLW\ VXJJHVW WKDW WKH PDJPD UHVHUYRLU ZDV
FRPSRVLWLRQDOO\]RQHGEHIRUHWKHHUXSWLRQRIWKHLJQLPEULWHV7KH]RQDWLRQVHHPVWRKDYH
EHHQGLVUXSWHGE\SUHDQGV\QHUXSWLYHPL[LQJPLQJOLQJRIPDJPDV7KHSUHVHQFHRIWZR
GLIIHUHQW W\SHV RI DQRUWKRFODVH SKHQRFU\VWV LQ WKH /DMHV ,JQLPEULWH FRQILUPHG WKH
RFFXUUHQFHRIFU\VWDOFRQYHFWLRQLQWKHUHVHUYRLUDQGLQWHUDFWLRQZLWKDKRWWHUPDJPD
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2 DUTXLSpODJR GRV $oRUHV SRVVXL XP H[WHQVR UHJLVWR HVWUDWLJUiILFR GH HUXSo}HV
IRUPDGRUDVGHSURGXWRVSLURFOiVWLFRVGH IOX[R(VWDVHUXSo}HVRFRUUHPQRUPDOPHQWHQRV
YXOF}HV FHQWUDLV DFWLYRV H HVWmR UHODFLRQDGDV FRP HYHQWRV SDUR[LVPDLV GH IRUPDomR GH
FDOGHLUD2SUHVHQWH WUDEDOKR LQFLGH VREUHGRLVGHVWHV HSLVyGLRVTXHRULJLQDUDPSURGXWRV
SLURFOiVWLFRV GH IOX[R QDV LOKDV GR)DLDO H GD7HUFHLUD WHQGR FRPRREMHFWLYR REWHU XPD
PHOKRU FRPSUHHQVmR DFHUFD GD GLYHUVLGDGH GH HVWLORV HUXSWLYRV TXH SRGHP SURGX]LU
LJQLPEULWRV
$HUXSomRGHKiaDQRV%3GR9XOFmRGD&DOGHLUD,OKDGR)DLDOIRLD~OWLPD
JUDQGH HUXSomR IRUPDGRUDGHSURGXWRVSLURFOiVWLFRVGH IOX[RDVVRFLDGD DXPFRODSVRGH
FDOGHLUD QRV $oRUHV (VWD HUXSomR SURGX]LX XPD VHTXrQFLD SLURFOiVWLFD FRPSOH[D
GHQRPLQDGDFRPRGHSyVLWR&TXHVHHQFRQWUDGLYLGLDHPWUrVPHPEURVFRPOLWRIiFLHV
GLVWLQWDV D SDUWH LQIHULRU FRUUHVSRQGH D XPD VHTXrQFLD GH QtYHLV GH FLQ]DV 0HPEUR GR
%UHMR ORFDOL]DGDQRVHFWRU1:GR)DLDOD LQWHUPpGLDDXPGHSyVLWRGHSHGUDSRPHVGH
TXHGD 0HPEURGR ,QYHUQR OLPLWDGR DR IODQFRQRUWH GRYXOFmR H DSDUWH VXSHULRU D XP
LJQLPEULWRFRPEUHFKDVDVVRFLDGDV0HPEURGRV&HGURVTXHDIORUDDRORQJRGRVIODQFRV
QRUWH H OHVWH (VWHVPHPEURV UHVXOWDUDP GH WUrV IDVHV GD HUXSomR FRP GLIHUHQWHV HVWLORV
HUXSWLYRV $ HUXSomR FRPHoRX FRP XPD IDVH IUHDWRPDJPiWLFD TXH RULJLQRX TXHGD GH
FLQ]DVHSURGXWRVGHIOX[RGLOXtGRVVHJXLXVHXPDIDVHPDJPiWLFDGRPLQDGDSRUSURGXWRV
GHTXHGDUHVXOWDQWHVGHXPDFROXQDHUXSWLYDVXE3OLQLDQDFRPFHUFDGHNPGHDOWXUDH
FXOPLQRX FRP XPD IDVH SDUR[LVPDO GH IRUPDomR GH FDOGHLUD TXH JHURX SURGXWRV
SLURFOiVWLFRVGHIOX[RHOHYRXDRFRODSVRGDFDOGHLUD(VWDFRUUHVSRQGHXjSULPHLUDIDVHGD
IRUPDomRGHXPDFDOGHLUDGHLQFUHPHQWRQHVWHYXOFmR
8PYROXPHHUXSWLYRPtQLPRGHSHORPHQRVNPIRLHVWLPDGRSDUDHVWDHUXSomR
IRUPDGRUDGHFDOGHLUDHPERUDXPDLPSRUWDQWHSRUomRGHPDWHULDOWHQKDVLGRGHSRVLWDGDDR
ODUJR GD LOKD 2V SURGXWRV MXYHQLV SHGUD SRPHV GH FRU FODUD FLQ]DHVFXUR H EDQGDGD
SRVVXHP XPD FRPSRVLomR WUDTXtWLFD KRPRJpQHD  ZW GH 6L2 &RQWXGR DQiOLVHV
SHWURJUiILFDV H GR YLGUR GD PDVVD GH IXQGR LQGLFDP TXH R PDJPD GH & UHVXOWRX GD
PLVWXUD HQWUH GRLV FRUSRV PDJPiWLFRV GH QDWXUH]D WUDTXtWLFD FRP GLIHUHQWHV JUDXV GH
HYROXomR $V WHPSHUDWXUDV GH GHSRVLomR GRV SURGXWRV SLURFOiVWLFRV GH IOX[R QR IODQFR
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;;,,
QRUWH GR YXOFmR IRUDP HVWLPDGDV HP ! & HQTXDQWR TXH QRGraben GH 3HGUR
0LJXHODVWHPSHUDWXUDVIRUDPLQIHULRUHVHQWUH&
$ )RUPDomR ,JQLPEUtWLFD /DMHV$QJUD ,OKD 7HUFHLUD FRUUHVSRQGH D XPD GDV
PDLRUHV H PHOKRU H[SRVWDV IRUPDo}HV LJQLPEUtWLFD GRV $oRUHV e FRPSRVWD SRU GRLV
PHPEURVFRPaPLODQRVRVLJQLPEULWRVGDV/DMHVHGH$QJUDGR9XOFmRGR3LFR$OWR
2,JQLPEULWRGDV/DMHVFRPXPYROXPHHUXSWLYRGHNPpXPLJQLPEULWRGHEDL[R
FRHILFLHQWHGHDVSHFWRTXHDSUHVHQWDYDULDo}HVYHUWLFDLVGHOLWRIiFLHVFDUDFWHUL]DGDVSRUXP
DXPHQWR DVFHQGHQWH GD JUDQXORPHWULD GD VHTXrQFLD (VWH LJQLPEULWR WHP XPD DPSOD
GLVSHUVmR SRU JUDQGH SDUWH GD LOKD DSUHVHQWDQGR YDULDo}HV ODWHUDLV GH HVSHVVXUD H GH
OLWRIiFLHV2 ,JQLPEULWRGH$QJUD YROXPHHUXSWLYRGHNPpXP LJQLPEULWRPXLWR
KRPRJpQHRTXHVHHQFRQWUDOLPLWDGRDXPYDOHQDSDUWHVXOGDLOKD
(VWHV LJQLPEULWRVUHVXOWDPGHGRLVHYHQWRVIRUPDGRUHVGHSURGXWRVSLURFOiVWLFRVGH
IOX[RGR3LFR$OWRSUy[LPRVQRWHPSR2SULPHLURFRUUHVSRQGHjHUXSomRGR,JQLPEULWRGH
$QJUDHIRLFDUDFWHUL]DGRSRUXPDIRQWHSLURFOiVWLFDGHFXUWDGXUDomRTXHJHURXXPIOX[R
SLURFOiVWLFRVXVWHQWDGRGHSHTXHQRYROXPHTXDVH WRWDOPHQWHFDQDOL]DGRDR ORQJRGHXP
YDOH2VHJXQGRHYHQWRHUXSWLYRSURGX]LXR,JQLPEULWRGDV/DMHVWHQGRVLGRPDUFDGRSRU
XPD IRQWH SLURFOiVWLFD YLJRURVD H SURORQJDGD TXH RULJLQRX XP IOX[R SLURFOiVWLFR
VXVWHQWDGRquasiHVWiYHO(VWHIOX[RGLVSHUVRXVHUDGLDOPHQWHGHVGHDFDOGHLUDGR3LFR$OWR
DWpjVFRVWDVQRUWHHVXOGDLOKD2EDL[RFRHILFLHQWHGHDVSHFWRGHVWHLJQLPEULWRUHVXOWRX
HVVHQFLDOPHQWHGDH[WHQVDGHSRVLomRGHXPIOX[RSLURFOiVWLFRGHYHORFLGDGHUHODWLYDPHQWH
EDL[DVREUHDVXDYHSDOHRWRSRJUDILDGD7HUFHLUD
2VFODVWRVMXYHQLVGRVGRLV LJQLPEULWRVLQFOXHPSHGUDSRPHVHHVFyULDVSRUILUtWLFDV
FODVWRVYLWURItULFRVRFRUUHPDSHQDVQR,JQLPEULWRGDV/DMHVFRPFRPSRVLomRSHUDOFDOLQD
VHPHOKDQWH WUDTXtWLFRV FRPHQGtWLFRV  ZW 6L2 H DV PHVPDV IDVHV PLQHUDLV
$SHVDU GDV FRPSRVLo}HV UHODWLYDPHQWH KRPRJpQHDV HP WHUPRV GH HOHPHQWRVPDLRUHV D
SUHVHQoDGHWH[WXUDVGHGHVHTXLOtEULRHPFULVWDLVHVSHFLDOPHQWHQRVIHOGVSDWRVDOFDOLQRVH
D YDULDELOLGDGH GRV HOHPHQWRV HP WUDoR VXJHUHP TXH R UHVHUYDWyULR PDJPiWLFR HUD
FRPSRVLFLRQDOPHQWH]RQDGRDQWHVGDHUXSomRGRVLJQLPEULWRV(VWH]RQHDPHQWRSDUHFHWHU
VLGRGHVWDELOL]DGRSRUSURFHVVRVGHPLVWXUDSUpHVLQHUXSWLYDGHPDJPDV$SUHVHQoDGH
GRLVWLSRVGHIHQRFULVWDLVGHDQRUWRFODVHQR,JQLPEULWRGDV/DMHVFRQILUPRXDRFRUUrQFLDGH
FRQYHFomRGHFULVWDLVQRUHVHUYDWyULRHDLQWHUDFomRFRPXPPDJPDPDLVTXHQWH





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
&KDSWHU
,QWURGXFWLRQ

)RUHZRUG
9ROFDQLFHUXSWLRQVDUHRQHRIWKHPRVWIDVFLQDWLQJQDWXUDOHYHQWVRQ(DUWK7KH\DUH
WKH VXUIDFH H[SUHVVLRQ RI WKH SODQHW¶V LQWHUQDO G\QDPLFV DQG XVXDOO\ RFFXU DORQJ WKH
PDUJLQVRIWKHOLWKRVSKHULFSODWHVLQGLIIHUHQWJHRG\QDPLFVHWWLQJVZKHUHSODWHVFRQYHUJH
GLYHUJHRUVLGHVOLSRQHDQRWKHU,QWUDSODWHYROFDQLVPDOVRRFFXUVLQVHYHUDOSODFHVDURXQG
WKHJOREHDZD\IURPSODWHPDUJLQVZKHUHLVIHGE\GHHSPDJPDWLFSOXPHV7KHW\SHRI
HUXSWLRQVWURQJO\GHSHQGVRQWKHSK\VLFDODQGFKHPLFDOSURSHUWLHVRIWKHDYDLODEOHPDJPD
RQ WKHDVFHQWSDWK WKURXJKFRPSOH[SOXPELQJV\VWHPVRIIUDFWXUHVDQGFRQGXLWVDQGRQ
WKHGLIIHUHQWVXUIDFHHQYLURQPHQWVWKDWPD\RUQRWFRQWDLQZDWHU
7KHUH LVD UHPDUNDEOHYDULHW\RIYROFDQLFHUXSWLRQVRQ(DUWK UDQJLQJEHWZHHQ WZR
HQGPHPEHUV DFFRUGLQJ WR WKHLU H[SORVLYLW\ (IIXVLYH HUXSWLRQV RFFXU ZKHQ PDJPD
UHDFKHVWKHVXUIDFHHVVHQWLDOO\LQDQRQH[SORVLYHPDQQHUDVDFRKHUHQWIOXLGWRIRUPODYD
IORZV %\ FRQWUDVW H[SORVLYH HUXSWLRQV UHVXOW IURP WKH DEUXSW GLVUXSWLRQ RIPDJPD DQG
FRQVHTXHQWJHQHUDWLRQRI IUDJPHQWVZKLFKDUHHMHFWHG IURP WKHYHQW WR IRUPS\URFODVWLF
GHSRVLWV
([SORVLYH YROFDQLF HUXSWLRQV DUH FKDUDFWHUL]HG E\ GLIIHUHQW HUXSWLYH VW\OHV DQG
DVVRFLDWHGYROFDQLFSKHQRPHQDLQFOXGLQJWHSKUDIDOOS\URFODVWLFGHQVLW\FXUUHQWV3'&V
DQG RWKHUV ,W LV ZHOO NQRZQ WKDW H[SORVLYH HUXSWLRQVPD\ KDYH D VLJQLILFDQW LPSDFW RQ
PLOOLRQV RI SHRSOH ZRUOGZLGH DQG RQ WKH JOREDO FOLPDWH $PRQJ WKH YDULRXV YROFDQLF
SKHQRPHQD 3'&V DUH WKHPRVW GHVWUXFWLYH DQG OHWKDO KDYLQJ FDXVHG VHYHUH GDPDJH WR
EXLOGLQJV LQIUDVWUXFWXUHV DQG DJULFXOWXUDO ODQGV DQG VHYHUDO WHQV RI WKRXVDQGV RI GHDWKV
RYHUWKHFHQWXULHV
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
$OWKRXJK GLUHFW REVHUYDWLRQV RI KD]DUGRXV YROFDQLF SKHQRPHQD DUH LQIUHTXHQW DQG
VRPHZKDW FKDOOHQJLQJ UHDOWLPH REVHUYDWLRQDO DQG PRQLWRULQJ WHFKQLTXHV KDYH
VLJQLILFDQWO\LPSURYHGWKHXQGHUVWDQGLQJRI WKHHPSODFHPHQWG\QDPLFVRI WKHVHYROFDQLF
SURGXFWV +RZHYHU WKHUH DUH QXPHURXV DFWLYH YROFDQRHV WKDW GLG QRW HUXSW LQ KLVWRULFDO
WLPHV EXW KDYH D KLJK HUXSWLYH SRWHQWLDO ,Q WKHVH FDVHV WKH UHFRQVWUXFWLRQ RI SDVW
H[SORVLYH HUXSWLRQV EDVHG RQ ILHOGZRUN DQG DQDO\WLFDO VWXGLHV LV FUXFLDO IRU WKH SURSHU
DVVHVVPHQWDQGPLWLJDWLRQRIWKHYROFDQLFKD]DUGVDVVRFLDWHGZLWKIXWXUHH[SORVLYHHYHQWV
7KH ZRUN SUHVHQWHG KHUH IRFXVHV RQ WKH VWXG\ RI 3'&IRUPLQJ HUXSWLRQV LQ WKH
$]RUHVDUFKLSHODJR,WGRFXPHQWVWZRFDVHVWXGLHVWKHa\HDUV%3H[SORVLYHFDOGHUD
IRUPLQJ HUXSWLRQ RQ)DLDO ,VODQG DQG WKH/DMHV$QJUD ,JQLPEULWH )RUPDWLRQ RQ7HUFHLUD
,VODQG ,Q ERWK FDVHV WKH HUXSWLRQ KLVWRULHV WUDQVSRUW DQG GHSRVLWLRQDO SURFHVVHV DUH
UHFRQVWUXFWHG PDLQO\ WKURXJK SK\VLFDO YROFDQRORJ\EDVHG VWXGLHV FRPSOHPHQWHG ZLWK
SHWURORJLFDODQGJHRFKHPLFDODQDO\VLV7KLVWKHVLVLVLQWHQGHGWREHWKHILUVWFRPSUHKHQVLYH
VWXG\RQ$]RUHDQ3'&IRUPLQJHUXSWLRQVDQGDEDVLVIRUFRPSDULVRQZLWKSDVWDQGFXUUHQW
HYHQWVZRUOGZLGH
7KHWKHVLVLVRUJDQL]HGLQWRWKUHHVHFWLRQVDQGVL[FKDSWHUV
7KH ILUVW VHFWLRQ LV FRPSRVHG RI &KDSWHUV  DQG  DQG LV LQWHQGHG WR SURYLGH DQ
RYHUYLHZRI WKHZRUN DQGRI WKHPDLQ WKHRUHWLFDO FRQFHSWV7KLV ILUVW FKDSWHU LQFOXGHV D
VKRUWUHYLHZRIWKHJHRORJLFDOVHWWLQJRIWKH$]RUHVDUFKLSHODJRDQGDEULHIGHVFULSWLRQRI
WKHRFFXUUHQFHRI LJQLPEULWHV DQGRWKHU3'&GHSRVLWVRQ WKH LVODQGVRI WKH$]RUHV7KH
WKHVLVREMHFWLYHVDUHRXWOLQHGDQGWKHVHOHFWHGGHSRVLWVDQGPHWKRGRORJLHVDUHSUHVHQWHG
&KDSWHU  LV D OLWHUDWXUH UHYLHZ RQ3'&V DQG LJQLPEULWHV ,W GLVFXVVHV WKH YDULRXV
YROFDQLF SURFHVVHV WKDW FDQ RULJLQDWH 3'&V WKH PDLQ SURFHVVHV RI WUDQVSRUW DFWLQJ RQ
GHQVLW\FXUUHQWVDQGWKHGLIIHUHQWFRQFHSWXDOPRGHOVRIGHSRVLWLRQ7KHW\SHVRIGHSRVLWV
IRUPHGE\3'&VDUHGLVFXVVHGDVZHOODVFRPPRQFODVVLILFDWLRQVFKHPHVRILJQLPEULWHV
XVHGGXULQJWKLVZRUN
7KH VHFRQG VHFWLRQ RI WKH WKHVLV LQFOXGHV &KDSWHUV  DQG  WKDW UHSRUW WZR FDVH
VWXGLHV RI 3'&IRUPLQJ HYHQWV LQ WKH $]RUHV 7KHVH FRPSUHKHQVLYH VWXGLHV GRFXPHQW
FRQWUDVWLQJVW\OHVRIHUXSWLRQVWKDWJHQHUDWHGWKHODUJHVWLJQLPEULWHVKHHWVRQWKHLVODQGVRI
)DLDODQG7HUFHLUD
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
&KDSWHU  UHSRUWV RQ WKH a \HDUV %3 H[SORVLYH FDOGHUDIRUPLQJ HUXSWLRQ RI
&DOGHLUD 9ROFDQR )DLDO ,VODQG WKH ODVW PDMRU 3'&IRUPLQJ HUXSWLRQ UHFRUGHG LQ WKH
$]RUHVDUFKLSHODJR7KLVZRUNFRPELQHVPDSSLQJDQGOLWKRIDFLHVDQDO\VHVZLWKWKHVWXG\
RI WKH JUDLQ VL]H FRPSRQHQWU\ DQGPRUSKRORJLFDO IHDWXUHV RI WKH HUXSWHG SURGXFWV ,W LV
FRPSOHPHQWHG E\ SHWURJUDSK\ PLQHUDO DQG ZKROHURFN JHRFKHPLVWU\ DQDO\VHV RI WKH
MXYHQLOHV7KHQHZGDWD DOORZHG WR UHFRQVWUXFW WKH HUXSWLRQKLVWRU\ DQG WR VKHG OLJKW RQ
HUXSWLYHDQGGHSRVLWLRQDOSURFHVVHVRFFXUULQJGXULQJWKHGLIIHUHQWSKDVHVRI WKHHUXSWLRQ
0DJPDLQWHUDFWLRQSURFHVVHVDUHDOVREULHIO\GLVFXVVHG
&KDSWHULVGHGLFDWHGWRWKHVWXG\RIWKH/DMHV$QJUD,JQLPEULWH)RUPDWLRQaND
RQ 7HUFHLUD ,VODQG RQH RI WKH ODUJHVW 3'&IRUPLQJ HYHQWV UHFRUGHG LQ WKH$]RUHV 7KH
/DMHV DQG$QJUD LJQLPEULWHV DUH VWXGLHG LQ SDUDOOHO WKURXJK D FRPELQDWLRQRI OLWKRIDFLHV
DQDO\VHV LJQLPEULWH DUFKLWHFWXUH DQG PDSSLQJ FRXSOHG ZLWK SHWURJUDSK\ PLQHUDO
FKHPLVWU\ DQGZKROHURFN JHRFKHPLVWU\ DQDO\VHV RI WKH MXYHQLOHV 7KLVZRUN HQDEOHG WR
LQYHVWLJDWH FUXFLDO IHDWXUHV RI ORZDVSHFW UDWLR LJQLPEULWHV LQFOXGLQJ HUXSWLYH DQG
GHSRVLWLRQDOSURFHVVHVDQGWRUHDVVHVVWKHFRPPRQXVHRIWKHDVSHFWUDWLRDVDPHDVXUHRI
3'& G\QDPLFV 3DUWLFXODU DWWHQWLRQ ZDV DOVR JLYHQ WR SUH DQG V\QHUXSWLYH SURFHVVHV
RFFXUULQJLQWKHPDJPDUHVHUYRLU
7KHWKLUGVHFWLRQFRQVLVWVRIILQDOUHPDUNVDQGLQFOXGHV&KDSWHUVDQG&KDSWHU
SUHVHQWV WKH VXPPDULHVRI WZR VSLQRII VWXGLHV WKDW DURVHGXULQJ WKHGHYHORSPHQW RI WKH
WKHVLVDQGIXUWKHUFRQWULEXWHWRLPSURYHWKHXQGHUVWDQGLQJRI3'&IRUPLQJHUXSWLRQV2QH
VWXG\ LVGHGLFDWHG WR WKHHVWLPDWLRQRI WKHHPSODFHPHQW WHPSHUDWXUHVRI3'&VJHQHUDWHG
GXULQJ WKH a \HDUV %3 H[SORVLYH HUXSWLRQ RI &DOGHLUD 9ROFDQR )DLDO WKURXJK
SDOHRPDJQHWLFPHWKRGV7KHRWKHUVWXG\ORRNVLQWRWKHPDJPDWLFSURFHVVHVDVVRFLDWHGZLWK
WKH HUXSWLRQRI WKH/DMHV ,JQLPEULWH 7HUFHLUDPDLQO\EDVHGRQDQDO\VHVRI HTXLOLEULXP
DQG GLVHTXLOLEULXP WH[WXUHV DQG FRPSRVLWLRQDO IHDWXUHV RI DQRUWKRFODVH SKHQRFU\VWV
&KDSWHUVXPPDUL]HVWKHPDLQILQGLQJVRIWKLVZRUN



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
*HRORJLFDOVHWWLQJRIWKH$]RUHV
7KH $]RUHV DUFKLSHODJR LV ORFDWHG LQ WKH PLGGOH RI WKH 1RUWK $WODQWLF 2FHDQ
EHWZHHQWKH ODWLWXGHV
DQG
1DQGWKH ORQJLWXGHV
DQG
:DERXW
 NPZHVW RIPDLQODQG3RUWXJDO ,W LV FRPSRVHG RI QLQH LVODQGV GLVWULEXWHG E\ WKUHH
JHRJUDSKLFJURXSV2FLGHQWDO)ORUHVDQG&RUYR&HQWUDO)DLDO3LFR6mR-RUJH*UDFLRVD
DQG 7HUFHLUD DQG 2ULHQWDO 6mR 0LJXHO DQG 6DQWD 0DULD 7KH LVODQGV DUH DUUDQJHG
GLDJRQDOO\ DORQJ DSSUR[LPDWHO\  NP LQ D 1:6( WUHQG IURP &RUYR WR 6DQWD0DULD
)LJ  7KH$]RUHV LVODQGV WKHPVHOYHV DUH WKH HPHUJHQW SRUWLRQV RI ODUJH VXEPDULQH
YROFDQLFHGLILFHVWKDWULVHIURPWKHRFHDQLF$]RUHV3ODWHDXHJ6HDUOH/RXUHQoRHW
DO*HQWHHWDO

)LJXUH*HRORJLFDOVHWWLQJRIWKH$]RUHVVLPSOLILHGIURP/RXUHQoRHWDO9RJWDQG-XQJ
%HLHUHWDO*HRUJHQDQG6DQNDU0$5±0LG$WODQWLF5LGJH75±7HUFHLUD5LIWss($)=±
(DVW$]RUHV)UDFWXUH=RQH*)±*/25,$)DXOW


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
7KH XQLTXH VHWWLQJ LQ ZKLFK WKH $]RUHV DUFKLSHODJR VWDQGV DV UHVXOW RI WKH WULSOH
MXQFWLRQ RI WKH 1RUWK $PHULFDQ (XUDVLDQ DQG 1XELDQ OLWKRVSKHULF SODWHV )LJ  LV
SURQHWRIUHTXHQWPRGHUDWHWRORZPDJQLWXGHVHLVPLFLW\DQGYROFDQLFDFWLYLW\,QWKLVDUHD
RIWKH1RUWK$WODQWLF2FHDQWKHSODWHERXQGDULHVRIWKH$]RUHV7ULSOH-XQFWLRQDUHPDUNHG
E\WKHSUHVHQFHRILPSRUWDQWVWUXFWXUHVVXFKDVWKH0LG$WODQWLF5LGJHWKH7HUFHLUD5LIW
WKH(DVW$]RUHV )UDFWXUH=RQH DQG WKH*/25,$)DXOW HJ.UDXVH DQG:DWNLQV 
6HDUOH0DGHLUDDQG5LEHLUR0LUDQGDHWDO/XLVHWDO*HQWHHW
DO9RJWDQG-XQJ)HUQDQGHVHWDO'LDVHWDO
7KH0LG$WODQWLF5LGJHFOHDUO\GHOLPLWV WKH(XUDVLDQDQG1XELDQ OLWRVSKHULFSODWHV
WRWKHHDVWIURPWKH1RUWK$PHULFDQSODWHWRWKHZHVW,QWKH$]RUHVUHJLRQWKH(XUDVLDQ
1XELDQ ERXQGDU\ LV FRPSOH[ DQG LWV SUHFLVH NLQHPDWLFV LV QRW \HW IXOO\ XQGHUVWRRG7KH
ZHVWHUQPRVW VHJPHQWRI WKLVSODWHERXQGDU\ LVJHQHUDOO\NQRZQDV WKH7HUFHLUD5LIW DQG
FRUUHVSRQGV WR WKH DOLJQPHQW RI DOWHUQDWLQJ EDVLQV DQG YROFDQLF HGLILFHV LVODQGV DQG
VHDPRXQWV WUHQGLQJ :1:(6( 7KLV DUHD EHKDYHV DV D ULJKW WUDQVWHQVLRQDO GRPDLQ
UHIOHFWLQJVLPXOWDQHRXVO\WKHK\SHUVORZREOLTXHVSUHDGLQJUDWHRIWKLVSODWHERXQGDU\DQG
WKH VKHDU ]RQH WKDW DFFRPPRGDWHV WKH GLIIHUHQWLDO PRYHPHQW EHWZHHQ WKH (XUDVLDQ DQG
1XELDQ OLWKRVSKHULF SODWHV .UDXVH DQG:DWNLQV  /DXJKWRQ DQG:KLWPDUVK 
6HDUOH0DGHLUDDQG5LEHLUR0DGHLUDDQG%UXPGD6LOYHLUD9RJWDQG
-XQJ)HUQDQGHVHWDO'LDVHWDO9HU]KELWVN\HWDO0DGHLUDHW
DO
(DVW RI WKH 7HUFHLUD 5LIW WKH (XUDVLDQ1XELDQ SODWH ERXQGDU\ LV H[SUHVVHG E\ WKH
*/25,$)DXOWD ULJKWODWHUDO WUDQVIRUPIDXOW /DXJKWRQHWDO$UJXVHWDO
9HU]KELWVN\ HW DO  7KH (DVW $]RUHV )UDFWXUH =RQH ORFDWHG IURP ZHVW RI WKH
*/25,$)DXOWWRZDUGVHDVWRIWKH0LG$WODQWLF5LGJHFRUUHVSRQGVWRDQDEDQGRQHGIDXOW
VHJPHQW WKDW SUREDEO\ UHSUHVHQWV WKH DQFLHQW OLPLW RI WKH (XUDVLDQ1XELDQ ERXQGDU\
6HDUOH/XLVHWDO'LDVHWDO
'HVSLWH WKH JHRG\QDPLF VHWWLQJ WKH PDJPDWLVP RI WKH $]RUHV UHJLRQ LV PDGH
FRQVLGHUDEO\PRUH FRPSOH[ DV UHVXOW RI D SRVVLEOH KRWVSRW IHGE\ DQ XQGHUO\LQJPDQWOH
SOXPHDQGLWVLQWHUDFWLRQZLWKWKH0LG$WODQWLF5LGJHHJ6FKLOOLQJ:KLWHHWDO
&DQQDWHWDO*HQWHHWDO0RQWHOOLHWDO6LOYHLUDHWDO
<DQJHWDO%HLHUHWDO
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$YDULHW\RIHYLGHQFHLQFOXGLQJJHRFKHPLFDOVWXGLHV6FKLOOLQJ)ORZHUHWDO
:KLWHHWDO%RXJDXOWDQG7UHXLO6FKLOOLQJHWDO6FKLOOLQJ
'RVVR HW DO  0DGXUHLUD HW DO  0LOOHW HW DO  %HLHU HW DO  DQG
JHRSK\VLFDO REVHUYDWLRQV /XLV HW DO  'HWULFN HW DO  7KLEDXG HW DO 
(VFDUWtQHWDO6LOYHLUDHWDOKDYHVXJJHVWHGWKHSUHVHQFHRID ORZVHLVPLF
YHORFLW\PHOWLQJDQRPDO\LQWKHPDQWOHEHQHDWKWKH$]RUHV3ODWHDX+RZHYHUWKHRULJLQ
QDWXUHDQGORFDWLRQRIWKHKRWVSRWLVVWLOOFRQWURYHUVLDO7KHDQRPDORXVO\WKLFNFUXVWRIWKH
RFHDQLF $]RUHV 3ODWHDX ZDV SUREDEO\ IRUPHG  WR  0D DJR GXH WR WKH LQWHUDFWLRQ
EHWZHHQKRWVSRWPDJPDWLVPDVVRFLDWHGZLWKWKH$]RUHVPDQWOHSOXPHDQGULIWPDJPDWLVP
IURPWKH0LG$WODQWLF5LGJHDQGWKH7HUFHLUD5LIW&DQQDWHWDO*HQWHHWDO
9RJWDQG-XQJ<DQJHWDO%HLHUHWDO*HRUJHQ
8SWRGDWHUHYLHZVRQWKHJHRG\QDPLFVHWWLQJDQGLWVLQIOXHQFHRQWKHWHFWRQLFVDQG
PDJPDWLVP RI WKH $]RUHV UHJLRQ FDQ EH IRXQG LQ *HQWH HW DO  9RJW DQG -XQJ
 %HLHU HW DO  *HRUJHQ DQG 6DQNDU  9HU]KELWVN\ HW DO 
7ULSSDQHUDHWDODQG0DGHLUDHWDO
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


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2FFXUUHQFHRILJQLPEULWHVLQWKH$]RUHVLVODQGV
,JQLPEULWHVDQGRWKHUW\SHVRI3'&GHSRVLWVDUHIRXQGRQIRXURIWKHQLQHLVODQGVRI
WKH$]RUHV DUFKLSHODJR 6mR0LJXHO 7HUFHLUD )DLDO DQG*UDFLRVD 7KH\ DUH IUHTXHQWO\
DVVRFLDWHG ZLWK KLJKO\ H[SORVLYH HUXSWLRQV IURP WKH DFWLYH FHQWUDO YROFDQRHV RI WKRVH
LVODQGV $SDUW IURP VSHFLILF VWXGLHV RQ WKH a ND 3RYRDomR ,JQLPEULWH 'XQFDQ HW DO
 DQG WKH LJQLPEULWHV RI WKH  ND )RJR $ HUXSWLRQ 3HQVD HW DO  RQ 6mR
0LJXHOQRWPXFKLVNQRZQDERXWWKHRWKHULJQLPEULWHVDQG3'&GHSRVLWVRIWKH$]RUHV
7KHROGHVWGDWHGLJQLPEULWHLQWKH$]RUHVLV,JQLPEULWHLRQ7HUFHLUDZLWKDQDJHRI
DSSUR[LPDWHO\  ND *HUWLVVHU HW DO  +RZHYHU VRPH RI WKH XQGDWHG $]RUHDQ
LJQLPEULWHVPD\EHFORVHWRRUHYHQROGHUWKDQND2QWKHRWKHUHQGWKH\RXQJHVWLV
WKH LJQLPEULWH IRUPHG GXULQJ WKH ODVW PDMRU H[SORVLYH HUXSWLRQ RQ )DLDO ,VODQG ZKLFK
RFFXUUHG a \HDUV %3 3DFKHFR  ,Q KLVWRULFDO WLPHV LH VLQFH WKH 3RUWXJXHVH
VHWWOHPHQWRIWKH$]RUHVLQWKHWKFHQWXU\RQO\WKH$'HUXSWLRQRI)XUQDV9ROFDQR
RQ 6mR0LJXHO LV NQRZQ WR KDYH JHQHUDWHG 3'&V IURP D FHQWUDO YROFDQR $W OHDVW 
SHRSOHZHUHNLOOHGE\WKHGLOXWHGHQVLW\FXUUHQWVLHS\URFODVWLFVXUJHV&ROHHWDO
7KH PDLQ S\URFODVWLF IRUPDWLRQV FRQWDLQLQJ LJQLPEULWHV DQG RWKHU 3'& GHSRVLWV
IRXQG RQ HDFK LVODQG DUH SUHVHQWHG QH[W IROORZLQJ WKH UHYLHZV RQ &DQLDX[  DQG
*DVSDUHWDO
2Q 6mR 0LJXHO ,VODQG LJQLPEULWHV DQG 3'& GHSRVLWV RFFXU RQ WKH WKUHH DFWLYH
FHQWUDO YROFDQRHV 6HWH &LGDGHV )RJR DQG )XUQDV ZKLFK DUH FKDUDFWHUL]HG E\ ZHOO
GHYHORSHGPXOWLSKDVHFDOGHUDV
7KH YROFDQRVWUDWLJUDSK\ RI 6HWH &LGDGHV FRPSULVHV WKUHH PDMRU S\URFODVWLF
IRUPDWLRQV WKDW FRQWDLQ LJQLPEULWHV 7KH\ DUH LQWHUSUHWHG WR UHVXOW IURP SDUR[\VPDO
HUXSWLRQVDVVRFLDWHGZLWKGLIIHUHQWSKDVHVRIFDOGHUDIRUPDWLRQ4XHLUR]4XHLUR]HW
DO4XHLUR]HWDO)URPWKHROGHVWWRWKH\RXQJHVWWKH5LVFR)RUPDWLRQa
NDUHFRUGVWKHILUVWFDOGHUDIRUPLQJHYHQWRI6HWH&LGDGHVWKH%UHWDQKD)RUPDWLRQa
NDLVUHODWHGWRWKHVHFRQGFDOGHUDFROODSVHDQGWKH6DQWD%iUEDUD)RUPDWLRQaNDLV
DVVRFLDWHG ZLWK WKH WKLUG DQG ILQDO SDUR[\VPDO HYHQW RI FDOGHUD FROODSVH $OO WKUHH
IRUPDWLRQV DUH GRPLQDWHG E\ LJQLPEULWHPHPEHUV EXW DOVR LQFOXGH RWKHUPHPEHUVZLWK
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
SXPLFH IDOO DQG PLQRU 3'& GHSRVLWV HJ S\URFODVWLF VXUJH DQG EORFNDQGDVK IORZ
GHSRVLWV 7ZR LJQLPEULWH RXWFURSV LGHQWLILHG DW 5RFKD GD 5HOYD DQG 3RQWD GD )HUUDULD
4XHLUR]&DQLDX[DUHXQGDWHGEXWLQWHUSUHWHGWREHROGHUWKDQWKHIRUPDWLRQV
GHVFULEHGSUHYLRXVO\
,QWKHODVWN\RWKHUPLQRU3'&GHSRVLWVUHODWHGWRWKHUHFHQWLQWUDFDOGHUDDFWLYLW\
RI6HWH&LGDGHVDUHDOVRUHFRJQL]HG)URPWKHH[SORVLYHHUXSWLRQVWKDWRFFXUUHGLQVLGH
WKHFDOGHUDGHSRVLWV3WR3DWOHDVWILYHKDYHJHQHUDWHG3'&VZKLFKHPSODFHGVPDOO
DQGORFDOL]HGGLOXWH3'&GHSRVLWV$PRQJWKHVH3LVFOHDUO\GLVWLQFWIURPDOOWKHRWKHUV
DV LW LQFOXGHV WKH WKLFNHVW 3'& GHSRVLW NQRZQ DV WKH &DQGHOiULD LJQLPEULWH 4XHLUR]
4XHLUR]HWDO
2Q )RJR 9ROFDQR DOVR NQRZQ DV ÈJXD GH 3DX VL[ PDMRU LJQLPEULWHEHDULQJ
IRUPDWLRQVDUHUHFRJQL]HG:DOOHQVWHLQ:DOOHQVWHLQHWDO'XHWRGLIILFXOWLHV
LQHVWDEOLVKLQJFRUUHODWLRQV WKH VWUDWLJUDSK\RI WKHQRUWKDQGVRXWK IODQNVRI WKHYROFDQR
DUHGHVFULEHGVHSDUDWHO\7KHYROFDQLFVHTXHQFHRI WKHQRUWKIODQN LQFOXGHVDW OHDVW WKUHH
IRUPDWLRQV WKDW FRQWDLQ VHYHUDO LJQLPEULWHV DQG 3'& GHSRVLWV WKH 3RUWR )RUPRVR
)RUPDWLRQ aND WKH&KmGDV*DWDV)RUPDWLRQ VWUDWLJUDSKLFDOO\FRQVWUDLQHGEHWZHHQ
 DQG  ND DQG WKH %DUURVD )RUPDWLRQ LWV VWUDWLJUDSKLF SRVLWLRQ LV QRW HVWDEOLVKHG
2OGHU!NDXQQDPHGLJQLPEULWHVZHUHDOVRLGHQWLILHGDORQJWKHQRUWKFRDVWDOFOLIIVRI
)RJR :DOOHQVWHLQ7KHVRXWK IODQNVHTXHQFH LQFOXGHV WZRS\URFODVWLF IRUPDWLRQV
ZLWKLJQLPEULWHVWKH5RtGDGD3UDLD)RUPDWLRQIURPaWRaNDDQGWKH5LEHLUD&Km
)RUPDWLRQ FRQVWUDLQHG EHWZHHQ  DQG  ND 7KH ODWWHU ZDV HPSODFHG GXULQJ D
SDUR[\VPDOFDOGHUDIRUPLQJHYHQW:DOOHQVWHLQ
7KH )RJR $ )RUPDWLRQ  ND RXWFURSV ERWK QRUWK DQG VRXWK RI )RJR FDOGHUD
:DOOHQVWHLQ3HQVDHWDO  ,W FRUUHVSRQGV WRDSDUR[\VPDO3OLQLDQHUXSWLRQ
DVVRFLDWHG ZLWK FDOGHUD IRUPDWLRQ WKDW JHQHUDWHG GLIIHUHQW W\SHV RI 3'&V UHFRUGHG E\
GLVWLQFW GHSRVLWV GLOXWH 3'& GHSRVLWV LH S\URFODVWLF VXUJH GHSRVLWV LQWUD3OLQLDQ
LJQLPEULWHVDQGDFOLPDWLFLJQLPEULWH3HQVDHWDO
)XUQDV9ROFDQRLVFKDUDFWHUL]HGE\DFRPSOH[VWUDWLJUDSK\WKDWLQFOXGHVDWOHDVWVL[
IRUPDWLRQV ZLWK VHYHUDO LJQLPEULWHV DQG RWKHU W\SHV RI 3'& GHSRVLWV 7ZR RI WKHVH
LJQLPEULWHVDUH UHODWHG WRPDMRU FDOGHUDFROODSVHHYHQWV *XHVW HW DO*XHVW HW DO
 7KH ROGHU LJQLPEULWHEHDULQJ IRUPDWLRQV RI )XUQDV DUH WKH $PRUDV )RUPDWLRQ
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XQGDWHG EXW VWUDWLJUDSKLFDOO\ FRQVWUDLQHG EHWZHHQ  DQG  ND DQG WKH $OEXIHLUD
)RUPDWLRQ!ND7KHODWWHULVRYHUODLGE\WKH4XHQWHEORFNDQGDVKIORZGHSRVLW*XHVW
HWDO&DQLDX[GHVFULEHVWZRRWKHULJQLPEULWHVDW3UDLDGD9LRODDQGQRUWKRI
3RYRDomR YLOODJH EXW WKHVH DUH SUREDEO\ RXWFURSV RI LJQLPEULWHV IURP $PRUDV DQG
$OEXIHLUDIRUPDWLRQVUHVSHFWLYHO\
7KH 3RYRDomR ,JQLPEULWH )RUPDWLRQ a ND LV D GLVWLQFW ZHOGHG GHSRVLW WKDW
UHFRUGVWKHODUJHVWHUXSWLRQLQWKHKLVWRU\RI)XUQDV9ROFDQR,WLVLQWHUSUHWHGWRUHSUHVHQW
LWV ILUVW FDOGHUDIRUPLQJ HYHQW UHVSRQVLEOH IRU WKH FROODSVH RI WKH ROGHU )XUQDV FDOGHUD
'XQFDQHWDO*XHVWHWDO
2WKHUS\URFODVWLFIRUPDWLRQVORFDWHGVWUDWLJUDSKLFDOO\DERYHWKH3RYRDomR,JQLPEULWH
DOVRLQFOXGHLJQLPEULWHVQDPHO\WKH5LEHLUDGR7XIR)RUPDWLRQaNDWKH3RQWD*DUoD
,JQLPEULWH)RUPDWLRQaNDDQGDQXQQDPHG\RXQJHULJQLPEULWHaNDWKDWRXWFURSV
EHORZ3LFRGR)HUUR7KHODWWHULVEHOLHYHGWREHDVVRFLDWHGZLWKWKHFROODSVHRIWKHLQQHU
)XUQDVFDOGHUD*XHVWHWDO:LWKLQWKH8SSHU)XUQDV*URXSNDDIHZGLOXWH
3'& GHSRVLWV DUH DVVRFLDWHGZLWK WKH$'  DOVR NQRZQ DV )XUQDV - )XUQDV , DQG
)XUQDV&HUXSWLRQV&ROHHWDO
2Q7HUFHLUD ,VODQG DW OHDVW VHYHQS\URFODVWLF IRUPDWLRQVGRPLQDWHGE\ LJQLPEULWHV
DUHUHFRJQL]HGLQWKHODVWN\7KHVRXUFHRIWKHDVVRFLDWHG3'&IRUPLQJHYHQWVKDVEHHQ
WUDFHGWRWKHFHQWUDOSDUWRIWKHLVODQGLH3LFR$OWRDQGRUSHUKDSV*XLOKHUPH0RQL]WZLQ
YROFDQRHV 6HOI   *HUWLVVHU HW DO  7KH ODUJHU IRUPDWLRQV DUH QDPHG
IROORZLQJ WKH LJQLPEULWH PHPEHUV WKDW RXWFURS DORQJ WKH FOLIIV RI WKH QRUWK DQG VRXWK
FRDVWV
7KH ORZHU IRUPDWLRQV LQ WKH VWUDWLJUDSK\ LQFOXGH WKH *URWD GR 9DOH ,JQLPEULWH
)RUPDWLRQDQGWKH3HGUDV1HJUDV,JQLPEULWH)RUPDWLRQ7KH\DUHXQGDWHGDQGIRXQGDWWKH
EDVHRI WKH VRXWK DQGQRUWK FOLIIV UHVSHFWLYHO\ ,JQLPEULWHL aND LV WKHROGHVW GDWHG
LJQLPEULWH DQG FRUUHVSRQGV WR D VPDOO RXWFURS RQ WKH QRUWK FRDVW 7KH RWKHU PDMRU
IRUPDWLRQVKDYHDZLGHUGLVWULEXWLRQJHQHUDOO\RFFXUULQJDORQJERWKFRDVWVWKH&DOGHLUD
&DVWHOLQKR ,JQLPEULWH )RUPDWLRQ GDWHG DW a DQG a ND WKH 9LOD 1RYD)DQDO
,JQLPEULWH )RUPDWLRQ GDWHG EHWZHHQ a DQG ! ND WKH /LQKDUHV0DWHOD ,JQLPEULWH
)RUPDWLRQaWRaNDZKLFKLVRQO\VHHQLQWKHVRXWKHUQSDUWRIWKHLVODQGDQGWKH
/DMHV$QJUD ,JQLPEULWH )RUPDWLRQ a ND *HUWLVVHU HW DO  6RPH LJQLPEULWH
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
EHDULQJ IRUPDWLRQVRI7HUFHLUD DUH LQWHUEHGGHGZLWKSXPLFH DQGRU DVK IDOO GHSRVLWV DQG
RFFDVLRQDOO\GHEULVIORZVDQGDUHWKRXJKWWREHDVVRFLDWHGZLWKFDOGHUDIRUPLQJHYHQWVRU
SHULRGV2WKHU3'&GHSRVLWV LQFOXGH WKH4XDWUR5LEHLUDVEORFNDQGDVKIORZGHSRVLWDQG
WKH3RVWR6DQWRVSDWWHUIORZGHSRVLW*HUWLVVHUHWDO
7KH/DMHV$QJUD,JQLPEULWH)RUPDWLRQRQHRI WKHFDVHVWXGLHVLQWKLVWKHVLV LV WKH
PRVW H[WHQVLYH LJQLPEULWH IRUPDWLRQ RQ 7HUFHLUD DQG KDV EHHQ XVHG DV WKH PDLQ
OLWKRVWUDWLJUDSKLF KRUL]RQ IRU WKH ZKROH LVODQG 7KH /DMHV DQG $QJUD LJQLPEULWHV ZHUH
LQLWLDOO\VWXGLHGVHSDUDWHO\E\6HOIDQGODWHUJURXSHGLQWRWKHVDPHIRUPDWLRQ
E\ *HUWLVVHU HW DO  )LJXUH  VKRZV WKH /DMHV ,JQLPEULWH RXWFURS DW WKH W\SH
ORFDWLRQ

)LJXUH2XWFURSRIWKH/DMHV,JQLPEULWHZHVWRI/DMHVYLOODJHW\SHORFDWLRQVFDOHLVP
2Q)DLDO,VODQGLJQLPEULWHVDQG3'&DVVRFLDWHGGHSRVLWVKDYHDUHGXFHGH[SUHVVLRQ
DQG RQO\ RFFXU RQ &DOGHLUD 9ROFDQR &DOGHLUD
V HUXSWLYH KLVWRU\ UHYHDOV  H[SORVLYH
HUXSWLRQVPRVWRI WKHPSURGXFHG VPDOO YROXPHSXPLFH DQGRU DVK IDOORXW DQGRQO\ WZR
KDYHJHQHUDWHG3'&V3DFKHFR7KH&GHSRVLWa\HDUV%3 LQFOXGHVPLQRU
3'& GHSRVLWVPDLQO\ VFDWWHUHG RQ WKH QRUWK IODQN RI WKH YROFDQR ZKLFK FRUUHVSRQG WR
&DQLDX[
V5LEHLUDGR5LVFR,JQLPEULWH
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
7KH&GHSRVLWa\HDUV%3WKHRWKHUFDVHVWXG\LQWKHWKHVLVUHFRUGVWKHODVW
PDMRUH[SORVLYHHUXSWLRQRQ)DLDO,WLVFOHDUO\GLVWLQFWIURPWKHRWKHUGHSRVLWVDVLWLVWKH
RQO\ WKDW LQFOXGHV D ZLGHVSUHDG LJQLPEULWH LQIRUPDOO\ NQRZQ DV &HGURV LJQLPEULWH
&DQLDX[ 7KHGHSRVLWV RI WKLV HUXSWLRQKDYHEHHQ VWXGLHGE\0DGHLUD  DQG
3DFKHFRDQGDUHDVVRFLDWHGZLWKWKHIRUPDWLRQRIWKHYROFDQR¶VFDOGHUD)LJXUH
VKRZVWKHW\SLFDODVSHFWRIWKH&LJQLPEULWH

)LJXUH2XWFURSRIWKH&HGURVLJQLPEULWHRI&VRXWKRI&HGURVYLOODJHVFDOHLVP
2QO\RQH3'&GHSRVLWKDVEHHQLGHQWLILHGRQ*UDFLRVD,VODQG,WLVSDUWRIWKH8SSHU
+\GURPDJPDWLF6HTXHQFHaNDRI WKH&HQWUDO9ROFDQRZKLFKLV LQWHUSUHWHGWRUHVXOW
IURPDFDOGHUDIRUPLQJHYHQW*DVSDU
,Q VXPPDU\ LJQLPEULWHV DQG RWKHU 3'& GHSRVLWV DUH UHFXUUHQW LQ WKH VWUDWLJUDSK\
NDRI$]RUHDQFHQWUDOYROFDQRHVZLWKFDOGHUDVH[FHSWIRU6DQWD%iUEDUD9ROFDQR
7HUFHLUD DQG &DOGHLUmR 9ROFDQR &RUYR 0RVW LJQLPEULWHV DUH DVVRFLDWHG ZLWK
SDUR[\VPDO HUXSWLRQV WKDW OHG WR FDOGHUD FROODSVH HYHQWV KRZHYHU WKH JHQHVLV RI VRPH
LJQLPEULWHV SDUWLFXODUO\ WKH ROGHU RQHV LV GLIILFXOW WR GHWHUPLQH 2WKHU W\SHV RI 3'&
GHSRVLWVHJGLOXWH3'&VXUJHGHSRVLWVEORFNDQGDVKIORZGHSRVLWVUHVXOWIURPDZLGH
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
UDQJHRIHUXSWLYHVW\OHVLQFOXGLQJLQWUDFDOGHUDVXE3OLQLDQHUXSWLRQVEXWFDQDOVREHIRXQG
DVSDUWRIPDMRUS\URFODVWLFIRUPDWLRQVUHODWHGWRFDOGHUDIRUPLQJHUXSWLRQV
7KH LJQLPEULWHV RI WKH $]RUHV DUH JHQHUDOO\ WUDFK\WLF LQ FRPSRVLWLRQ \HW VHYHUDO
KDYH D PLOGO\ SHUDONDOLQH QDWXUH HJ 7HUFHLUD
V LJQLPEULWH VXLWH 7KH SUHVHQFH RI
SXPLFHDVKIDOOGHSRVLWVDWWKHEDVHRUWKHWRSRIWKHLJQLPEULWHVHJ3RYRDomRDQG6DQWD
%iUEDUDLJQLPEULWHVRUFRQYHUVHO\WKHRFFXUUHQFHRILQWUD3OLQLDQLJQLPEULWHVHJ)RJR
$ UHIOHFW VLJQLILFDQW FKDQJHV LQ HUXSWLYH VW\OH ,W VXJJHVWV WKDW PRVW LJQLPEULWHV UHVXOW
IURP3'&VJHQHUDWHGE\XQVWHDGLQHVVRIWKHHUXSWLRQFROXPQWKDWOHDGWRWRWDORUSDUWLDO
FROODSVHVRUHYHQDOWHUQDWLRQRIFRQYHFWLYHDQGFROODSVLQJUHJLPHV
0RVW LJQLPEULWHV RXWFURS DORQJ WKH FRDVWDO FOLIIV RI WKH LVODQGV DQG DUH SRRUO\
DYDLODEOH RQ ODQG H[FHSW IRU WKH \RXQJHU DQG WKH EHVW H[SRVHG RQHV HJ &
V &HGURV
LJQLPEULWH )RJR $ DQG /DMHV$QJUD ,JQLPEULWH IRUPDWLRQV ,Q SDUWLFXODU VRPH RI WKH
ROGHULJQLPEULWHVDUHRQO\VHHQLQFHUWDLQORFDWLRQVDWWKHEDVHRIWKHFOLIIV*LYHQWKHVKRUW
GLVWDQFHV EHWZHHQ FDOGHUDV DQG FRDVWOLQHV DW WKH$]RUHV LVODQGV LW LV EHOLHYHG WKDW ODUJH
YROXPHV RI LJQLPEULWH DUH GHSRVLWHG RIIVKRUH 7KXV WKH WUXH LJQLPEULWH YROXPHV DUH
XQNQRZQ RU SHUKDSV VXEVWDQWLDOO\ XQGHUHVWLPDWHG 1HYHUWKHOHVV WKH ODUJHU LJQLPEULWHV
SUREDEO\GLGQRWH[FHHGNP'5(YROXPH*HUWLVVHUHWDO&DQLDX[
7KHGLVWULEXWLRQRIYDULRXVLJQLPEULWHVUHYHDOVWKDW3'&VUHFXUUHQWO\GHSRVLWRQWKH
VDPHDUHDVRIWKHLVODQGVDQGIROORZVLPLODUIORZSDWKV7KLVLVHYLGHQWZKHQJUDEHQVDQG
GHHS GLVVHFWLQJ YDOOH\V DUH IRXQG LQ WKH YLFLQLW\ RI FHQWUDO YROFDQRHV HJ )RJR DQG
&DOGHLUD YROFDQRHV LQ 6mR 0LJXHO DQG )DLDO LVODQGV UHVSHFWLYHO\ 7KHVH REVHUYDWLRQV
VXJJHVWWKHH[LVWHQFHRISUHIHUHQWLDOVHFWRUVRUUHFXUULQJSDWKVIRU3'&VZKLFKVKRXOGEH
FRQVLGHUHGDVYXOQHUDEOHDUHDVIRUIXWXUHHUXSWLYHHYHQWV&DQLDX[7KHVHIODWGXH
WR WKH LJQLPEULWH VXUIDFHV ORZODQGV KDYH RI FRXUVH EHHQ SUHIHUUHG DUHDV IRU KXPDQ
RFFXSDWLRQ




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
7KHVLVREMHFWLYHV
7KHPDLQ JRDO RI WKLV WKHVLV LV WR LPSURYH WKH RYHUDOO XQGHUVWDQGLQJ RI H[SORVLYH
YROFDQLFHUXSWLRQV LQSDUWLFXODURI WKRVHWKDWRFFXULQWKH$]RUHVDQGSURGXFH3'&V7R
DFKLHYHWKLVJRDOWZRFRQWUDVWLQJW\SHVRI3'&IRUPLQJHSLVRGHVIURPFHQWUDOYROFDQRHV
RI WKH LVODQGV RI 7HUFHLUD DQG )DLDO ZHUH VWXGLHG LQ GHWDLO 7KHVH VWXGLHV DOORZ D
FRPSUHKHQVLYHXQGHUVWDQGLQJRIWKHZLGHUDQJHRIHUXSWLYHVW\OHVWKDWSURGXFH3'&VDQG
KRZWKHG\QDPLFVRIWKHVHFXUUHQWVYDULHVWKURXJKWLPHDQGVSDFH
7KHVSHFLILFREMHFWLYHVFRPPRQWRERWKFDVHVWXGLHVSUHVHQWHGLQWKHWKHVLVDUH
7RGHILQHWKHGLVWULEXWLRQRIWKHYDULRXVYROFDQLFSURGXFWV
 7R GHVFULEH DQG LQWHUSUHW WKH GLIIHUHQW OLWKRIDFLHV DQG WKHLU YHUWLFDO DQG ODWHUDO
YDULDWLRQV
7RFRQVWUDLQWKHWUDQVSRUWDQGGHSRVLWLRQDOSURFHVVHVDFWLQJLQWKH3'&V
7RGHWHUPLQHWKHSK\VLFDOSDUDPHWHUVRIWKHHUXSWLRQV
7RXVHSK\VLFDOYROFDQRORJ\WRLQWHUSUHWHUXSWLRQKLVWRULHVDQGVW\OHV
7R FKDUDFWHUL]H WKHSHWURJUDSK\PLQHUDORJ\ DQG JHRFKHPLVWU\ RI WKH MXYHQLOHV
SURGXFWV
7RGHWHUPLQHWKHPDJPDWLFLQWHQVLYHSDUDPHWHUV
7RFRQVWUDLQPDJPDWLFSURFHVVHVRFFXUULQJLQWKHUHVHUYRLUV





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
6WXGLHGYROFDQLFGHSRVLWV
3UHYLRXV VWXGLHV RQ LJQLPEULWHV DQG 3'& GHSRVLWV RI WKH$]RUHV KDYH VKRZQ WKDW
WKH\ FDQ UHVXOW IURP YDULRXV HUXSWLYH VW\OHV DQG DUH IUHTXHQW RQ GLIIHUHQW HYROXWLRQDU\
VWDJHVRI$]RUHDQFHQWUDOYROFDQRHVXVXDOO\GXULQJSDUR[\VPDOHUXSWLRQVDVVRFLDWHGZLWK
FDOGHUDIRUPLQJHYHQWV:DONHUDQG&URDVGDOH6HOI%RRWKHWDO
*DVSDU4XHLUR]'XQFDQHWDO*XHVWHWDO:DOOHQVWHLQ
3DFKHFR*HUWLVVHUHWDO&DQLDX[3HQVDHWDODPRQJRWKHUV
$VVHHQHDUOLHU7HUFHLUD,VODQGKDVDORQJUHFRUGRILJQLPEULWHIRUPDWLRQVPDNLQJLW
WKH $]RUHDQ LVODQG ZLWK WKH ODUJHVW YROXPH RI LJQLPEULWH 7KH \RXQJHVW RI WKHVH
LJQLPEULWHGRPLQDWHG IRUPDWLRQV WKH /DMHV$QJUD ,JQLPEULWH )RUPDWLRQ ZLWK DQ DJH RI
DSSUR[LPDWHO\NDZDVFKRVHQDVDFDVHVWXG\EHFDXVHLWUHFRUGVRQHRIWKHODUJHVW
3'&IRUPLQJHYHQWVLQWKH$]RUHVLVRQHRIWKHEHVWH[SRVHGLJQLPEULWHIRUPDWLRQVRI
WKHDUFKLSHODJRZLWKH[WHQVLYHRXWFURSVDORQJWKHFRDVWVRI7HUFHLUDLWLQFOXGHVRQHRI
WKH ILUVW H[DPSOHV RI D ORZDVSHFW UDWLR LJQLPEULWH LQ WKH OLWHUDWXUH WKH/DMHV ,JQLPEULWH
:DONHUHWDODQGLWH[KLELWVDUHODWLYHO\UDUHSHUDONDOLQHFRPSRVLWLRQ
([SORVLYH YROFDQLVP RQ )DLDO ,VODQG LV IDLUO\ UHFHQW  ND DQG UHVWULFWHG WR
&DOGHLUD 9ROFDQR $PRQJ WKH GHSRVLWV RI H[SORVLYH HUXSWLRQV WKH & GHSRVLW RI WKH
a \HDUV%3 HUXSWLRQZDV VHOHFWHG DV WKH RWKHU FDVH VWXG\ EHFDXVH  LW LV WKH ODVW
PDMRU3'&IRUPLQJHUXSWLRQLQWKH$]RUHVLW LVDVVRFLDWHGZLWKWKH\RXQJHVWFDOGHUD
FROODSVHRIDQ$]RUHDQFHQWUDOYROFDQRWKHUHDUHDODUJHQXPEHURIRXWFURSVPDNLQJLW
ZLGHO\DFFHVVLEOHDWWKHVXUIDFHDQGWKHSULVWLQHQDWXUHRIWKHGHSRVLWVDOORZVWKHXVHRI
YDULRXVPHWKRGVIRUWKHFKDUDFWHUL]DWLRQRIWKHSURGXFWV
$OWKRXJKWKHWZRVHOHFWHGFDVHVWXGLHVLQFOXGHH[WHQVLYHLJQLPEULWHVZLWKVRPHZKDW
VLPLODUOLWKRIDFLHVWKHGHSRVLWVUHFRUGHUXSWLYHVW\OHVZLWKGLVWLQFWPDJPDWLFFRPSRVLWLRQV
HUXSWLYHKLVWRULHVDQGHPSODFHPHQWSURFHVVHV7KHVHGHSRVLWVDUHWKRXJKWWRUHSUHVHQWYHU\
GLIIHUHQW3'&IRUPLQJHSLVRGHV IURP$]RUHDQFHQWUDOYROFDQRHV)XUWKHUPRUH WKH VWXG\
HQDEOHV FRPSDULVRQV RI LQWHUSUHWDWLRQV WKDW DUH SRVVLEOH E\ ZRUNLQJ RQ ERWK UHFHQW DQG
ROGHUGHSRVLWV

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
0HWKRGVRIVWXG\
7KHZRUNSUHVHQWHGKHUHVWDUWHGZLWKH[WHQVLYHILHOGZRUNLQWKHLVODQGVRI)DLDODQG
7HUFHLUD)LHOGVWXGLHVRIWKHVHOHFWHGGHSRVLWVLQWHJUDWHGJHRORJLFDOPDSSLQJZLWKGHWDLOHG
UHFRQVWUXFWLRQ RI VWUDWLJUDSKLF VHFWLRQV LQFOXGLQJ GHVFULSWLRQ RI OLWKRIDFLHV DQG WKHLU
YHUWLFDOODWHUDODQGORQJLWXGLQDOYDULDWLRQV0DMRUXQFRQIRUPLWLHVVXFKDVSDODHRVROVDQGRU
HURVLRQVXUIDFHVZHUHXVHGWRGHOLPLWWKHGHSRVLWV$OLWKRIDFLHVEDVHGDSSURDFKZDVXVHG
WR REWDLQ DQ RYHUDOO XQGHUVWDQGLQJ RI WKH HUXSWLYH DQG GHSRVLWLRQDO SURFHVVHV 7KLV
DSSURDFK KDV EHHQ VXFFHVVIXOO\ DSSOLHG WR RWKHU FRPSOH[ S\URFODVWLF GHSRVLWV DQG
LJQLPEULWHVHJ6RKQDQG&KRXJK$OOHQDQG&DV%URZQDQG%UDQQH\
%URZQHWDO6XOSL]LRHWDO
)LHOG ZRUN ZDV FRPSOHPHQWHG E\ YDULRXV DQDO\WLFDO PHWKRGV *UDLQ VL]H DQG
FRPSRQHQWDQDO\VHVRIWKHGHSRVLWVZHUHSHUIRUPHGIROORZLQJWKHPHWKRGRORJ\RI&DVDQG
:ULJKW  7KH PRUSKRORJ\ RI MXYHQLOH DVK ZDV H[DPLQHG E\ PHDQV RI VFDQQLQJ
HOHFWURQPLFURVFRSH6(0LPDJHV
3HWURJUDSKLFDQGPRGDODQDO\VHVZHUHFDUULHGRXWE\WKLQVHFWLRQREVHUYDWLRQXQGHU
WKHELQRFXODUPLFURVFRSH0DMRUDQGWUDFHHOHPHQWZKROHURFNJHRFKHPLFDODQDO\VHVZHUH
SHUIRUPHG E\ IXVLRQ LQGXFWLYHO\ FRXSOHG SODVPD )86,&3 DQG LQGXFWLYHO\ FRXSOHG
SODVPDPDVVVSHFWURPHWU\,&306UHVSHFWLYHO\LQDFRPPHUFLDOODERUDWRU\$FWLYDWLRQ
/DERUDWRULHV/WG2QWDULR&DQDGD(OHFWURQPLFURSUREHDQDO\VHVZHUHFDUULHGRXWRQWKH
PDLQ PLQHUDO SKDVHV DQG JURXQGPDVV JODVVHV )XUWKHU GHWDLOV RQ WKH GLIIHUHQW
PHWKRGRORJLHVXVHGDUHGLVFXVVHGLQWKHDSSURSULDWHFKDSWHUV
